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CONCLUSIONS: 

'Anciilarv Studv - C ,yund:Water Monitorinq 

1. This monitoring study is scientifically valid. Complete treatment history for the wells was not 
provided. Therefore, the value of this study towards evaluation of the potential for methyl 
bromide to contaminate ground water is limited. 
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2. Methyl tmAnide and trihalomethane were not detected (c1 and 10 ppb, respectively) in 
water samples from domestic and irrigation wells located throughout California (12 wells) 
and Florida (19 wells). In California, the sampled wells were located less than or equal to 
400 yards from fields with a 10-20 year history of annual methyl bromide use that had been 
treated with methyl bromide 4-17 months prior to sampling (no treatment history provided 
for Florida). 

METHODOLOGY: 

Domestic and irrigation wells (1 0- to 270-foot depths) located throughout California (12 wells 
total in Tulare, Fresno, and Monterey Counties) and Florida (19 wells total in Gadsden, 
Dade, Palm Beach, Collier, Highlands, Manatee, and Hillsborough Counties) were sampled 
in January or March, 1985, to assess the potential for ground water contamination from 
methyl bromide. The wells in California were adjacent (less than or equal to 400 yards 
when reported) to fields with a 10-20 year history of annual methyl bromide applications and 
which had been treated most recently 4-17 months prior to sampling (no treatment history 
was reported for the Florida wells). Water samples were either collected from a spigot, 
bailed with a stainless steel bailer, or obtained from a discharge line. Two water samples 
were collected from each well into sterilized glass vials. The pH and temperature of the 
water were measured at the time of sampling. 

Water samples were analyzed for methyl bromide and trihalomethane using GCIMS within 
15 days of collection. The detection limits were 1 ppb for methyl bromide and 10 ppb for 
trihalomethane. 

DATA SUMMARY: 

Neither methyl bromide nor trihalomethane were detected (c  1 and 10 ppb, respectively) in 
the well water samples from California and Florida. 

At the time of sampling, the temperature of the water ranged from 15 to 25°C and the pH 
from 5.3 to 8.0. 

COMMENTS: 

1. The treatment history for the Florida wells was not provided; although the table of contents 
referred to a table describing the wells, this table was omitted from the hardcopy received 
to review. 

2. The researchers reported that the concentrations of methyl bromide in water samples 
fortified with methyl bromide decreased by 18% over a ten-day period, regardless of whether 
the samples were refrigerated or stored at room temperature. This decrease was not 
expected to have affec -d the results of the study. 
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3 .  - T h i s  s t u d y  p a r t i a l l y  f u l f i l l s  EPA Data  Requ i r emen t s  f o r  R e g i s t e r i n g  
p e s t i c i d e s  ( 1 9 8 3 )  b y  p r o v i d i n g  d a t a  on  t h e  h y d r o l y s i s  of m e t h y l  
b romide  p e r  G u i d e l i n e s  S e c t i o n  161-1. 

BROMOMETHANE , METHYL BROMIDE 

MATERIALS AND METHODS 

T h r e e  e x p e r i m e n t s  were se t  up  t o  f o l l o w  t h e  h y d r o l y s i s  o f  
m e t h y l  b romide  ( M B r )  a t  e i t h e r  pH 5, 7  o r  9.  Each e x p e r i m e n t  
u t i l i z e d  a series of 500 m l  ( a c t u a l l y  555m1) E r l e n m e y e r  f l a s k s  
e q u i p p e d  w i t h  screw c a p s  m o d i f i e d  w i t h  h o l e s  i n t o  which were 
f i t t e d  T e f l o n  l i n e r s  which s e r v e d  a s  s e p t a .  By means of  t h e  
s p e t a  MBr c o u l d  be  added and  s a m p l e s  removed from t h e  f l a s k s  
w i t h o u t  removing t h e  c a p s .  F l a s k s ,  c a p s ,  b u f f e r  and m e a s u r i n g  
c y l i n d e r s  were s t e r i l i z e d  by a u t o c l a v i n g  ; h y d r o l y s i s  o f  MBr a t  
a b o u t  70-100 ppm i n  t h e  b u f f e r  was f o l l o w e d .  

pH 5  b u f f e r  ( a c t u a l l y  pH 4 .90)  was p r e p a r e d  w i t h  sodium 
a c e t a t e ,  w a t e r ,  a n d  g l a c i a l  a c e t i c  a c i d .  B u f f e r  o f  a p p r o x i m a t e l y  
p ~  7  was a l s o  p r e p a r e d  w i t h  a c e t a t e  and  measured  t o  b e  pH 6.90.  
pH 9  b u f f e r  ( a c t u a l l y  pH 8  - 8 5 )  was p r e p a r e d  w i t h  a n h y d r o u s  
d i p o t a s s i u m  p h o s p h a t e  and  w a t e r .  A s  s t a t e d ,  e a c h  b u f f e r  was 
s t e r i l i z e d  by a u t o c l a v i n g  p r i o r  t o  u s e .  

A p r i m a r y  MBr s t a n d a r d  was p r e p a r e d  f rom L inde  g a s  of 99 .5% 
p u r i t y  b y  t r a n s f e r r i n g  1.0 m l  MBr t h r o u g h  t h e  s ep tum i n t o  a  4320 m l  
b o t t l e  f i l l e d  w i t h  a i r  ( c o n c  = 981 ng/ml a i r ) .  By means of  a n  a i r  
t i g h t  s y r i n g e  5.0 m l  o f  t h i s  p r i m a r y  s t a n d a r d  was t r a n s f e r r e d  t o  
o n e  of t h e  E r l enmeye r  f l a s k s  ( c o n c  = 8.84 ny/ml a i r ) .  T h i s  f l a s k  
t h e n  c o n t a i n e d  a  work ing  s t a n d a r d  o f  MBr.  

A s t a n d a r d  of m e t h a n e  ( f rom h o u s e  -' i n e )  i n  m e t h a n o l ,  HPLC 
g r a d e ,  ( c o n c  = .0.25 ug /ml)  was p r e p a r e d  d a i l y .  

A c i d i c  a c e t o n i t r i l e  was p r e p a r e d  by a d d i n g  1 5  m l  o f  0.6N 
H2S04 t o  7 5  m l  C2H3N i n  a  s e p a r a t o r  and a d d i n g  S g  ( N H 4 )  SO4, 
removing  t h e  u p p e r  p h a s e  and d r y i n g  i t  w i t h  a n h y d r o u s  sodium 
s u l f a t e .  S u f f i c i e n t  volumes of t h i s  acet ic  a c e t o n i t r i l e  were 
added  t o  2 - b r u n o e t h a n o l  t o  p r e p a r e  a work ing  s t a n d a r d  of  t h e  , 

, l a t t e r  ( c o n c  = 0.88 u g / m l ) .  



E t h y l e n e  d d e  was added t o  9 6  m l  a c e t o n i t r i l e  t o  b r i n g  t h e  
volume t o  100  m l .  T h i s  s o l u t i o n  was p r e p a r e d  d a i l y .  

On e a c h  d a y  of  a n a l y s i s  ch roma tog raphy  of  s t a n d a r d  s o l u t i o n s  . 
was checked  on e a c h  ch roma tog raph ;  r e s u l t a n t  chromatograms  were 
c o n s i d e r e d  to  be  raw d a t a .  Two t y p e s  of s a m p l e s  (known volumes 
f rom h e a d s p a c e  and aqueous  s o l u t i o n s  d i l u t e d  w i t h  MeOH) were 
a n a l y z e d  by g a s  ch roma tog raphy .  

I n  p r e l i m i n a r y  work s i m i l a r  r e s p o n s e s  were  o b t a i n e d  w i t h  
e i t h e r  a i r  o r  l i q u i d  s a m p l e s  c o n t a i n i n g  MBr so s t a n d a r d s  p r e p a r e d  
i n  a i r  were used  t o  q u a n t i t a t e  a l l  a n a l y s e s .  V a r i a n  Model 3700 
w i t h  6 3 ~ i  EC d e t e c t o r ,  a  g l a s s  column ( 2  rn x  2  mmid) packed  w i t h  10% 
carbowax 20M o n  Chromasorb WHP was u s e d .  C a r r i e r  g a s  was h i g h  
p u r i t y  N w i t h  a  f l o w  r a t e  of 30 cc /min .  Column oven ,  i n j e c t o r  
and d e t e c t o r  t e m p e r a t u r e s  were 6 0 ° ;  1 5 0 ° ,  and  340°C r e s p e c t i v e l y .  - 
MBr r e t e n t i o n  time was a b o u t  0.4 min .  

I n o r g a n i c  b romide  ( i B r )  was d e t e r m i n e d  by t h e  method o f  
H e u s e r  and Scudamore ( 1 9 7 0 )  i n  which t h e  i B r  was r e a c t e d  w i t h  
e t h y l e n e  o x i d e  t o  p r o d u c e  2-bromoethanol  which was t h e n  measured  
q u a n t i t a t i v e l y  b y  g a s  ch roma tog raphy .  F o r  t h e s e  a n a l y s e s ,  t h e  
i n s t r u m e n t  was a  T r a c o r  Model 222 w i t h  a  6 3 ~ i  EC d e t e c t o r .  The 
column was packed  a s  men t ioned  b e f o r e  w i t h  10% Carbowax 20M o n  
C h r m o s o r b  WHP 80/100 .  Again t h e  c a r r i e r  g a s  was n i t r o g e n  b u t  
t h e  o v e n ,  i n j e c t o r ,  and d e t e c t o r  t e m p e r a t u r e s  were 1 4 0 ° ,  150°  and 
3 25OC r e s p e c t i v e l y  . The r e t e n t i o n  time f o r  b romoe thano l  was 
a b o u t  2.1 min .  5  u l  a l i q u o t s  o f  unknown i s o l a t e s  and  s t a n d a r d  
s o l u t i o n s  were ch roma tog raphed  - a c e t i c  a c e t o n i t r i l e  was u sed  a s  
a  d i l u e n t  a s  r e q u i r e d .  

F o l l o w i n g  t h e  a n a l y s i s  f o r  MBr  a  s e c o n d  p r o c e d u r e  was f o l l o w e d  
t o  d e t e r m i n e  w h e t h e r  o r  n o t  t h e r e  were d e g r a d a t e s  s u c h  a s  methane  
and m e t h a n o l  which  m i g h t  n o t  be  d e t e c t e d  by e l e c t r o n  c a p t u r e  b u t  
m i g h t  be  d e t e c t e d  by a  f l ame i o n i z a t i o n  d e t e c t o r  ( F I D ) .  For  
t h e s e  a n a l y s e s  a  V a r i a n  3700 w i t h  FID and  a  g l a s s  column (2m x  2mmid) 
packed  w i t h  3% SP-1500 o n  80/120 Carbopak B. ( S u p e l c o )  was u s e d .  
High p u r i t y  N a t  a f l o w  r a t e  of 20 cc /min  and  d e t e c t o r  a i r  and 
h y d r o g e n  a t  300 cc /min  and 30 cc /min ,  r e s p e c t i v e l y ,  were a l s o  
u s e d .  Column o v e n ,  i n j e c t o r ,  and d e t e c t o r  t e m p e r a t u r e s  were 
1 0 0 ° ,  1 5 0 ° ,  a n d  340°C a n d  methane  and m e t h a n o l  r e t e n t i o n  t i m e s  o f  
a b o u t  0 .6  a n d  0.9 min were e x p e r i e n c e d .  

EXPERIMENTAL 

A s  p r e v i o u s l y  s t a t e d ,  t h e  h y d r o l y s i s  o f  ME- was f o l l o w e d  a t  
e i t h e r  pH 5 ,  7 ,  o r  9 ,  u t i l i z i n g  a series of  f l a s ~ s  f rom which 
s a m p l e s  c o u l d  be  removed f rom t h e  heads 'yaces w i t h o u t ' o p e n i n g  t h e  
f l a s k s .  E x p e r i m e n t s  were r u n  u n d e r  s t e r i l e  c o n d i t i o n s  and  t h e  
h y d r o l y s i s  of M B r  was f o l l o w e d  a t  a  c o n c e n t r a t i o n  of a b o u t  70-100 
ppm i n  t h e  b u f f e r .  
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MBr was bu-wled t h r o u y h  t h e  p r o p e r  b u f f e r ,  d i l u t e d ,  and  
a n a l y z e d .  A d d i t i o n a l  f l a s k s  were s e t  up  t o  c o n t a i n  b u f f e r  o n l y .  
~ l l  f l a s k s  were s t o r e d  i n  t h e  d a r k  a t  e i t h e r  25OC o r  35OC. ~t 
s e l e c t e d  t i m e s  o v e r  a  30-day p e r i o d  i n d i v i d u a l  f l a s k s  were removed 
f rom s t o r a g e  and a n a l y z e d  a s  f o l l o w s :  

1)  A s a m p l e  was removed from t h e  h e a d s p a c e  t h r o u g h  t h e  
s ep tum and a n a l y z e d  f o r  MBR and  d e g r a d a n t s .  

2 )  A s e c o n d  sample  was removed a s  d e s c r i b e d  and  a n a l y z e d  
f o r  me thane ,  m e t h a n o l ,  and d e g r a d a n t s .  

3 )  The f l a s k  was opened and a  s ample  of t h e  b u f f e r  was 
removed and  a n a l y z e d  f o r  MBr and d e y r a d a n t s .  

4 )  A s e c o n d  s a m p l e  of t h e  b u f f e r  s o l u t i o n  was a n a l y z e d  
f o r  m e t h a n o l  and  o t h e r  d e g r a d a n t s .  

5 )  A t h i r d  s ample  from t h e  b u f f e r  s o l u t i o n  was a n a l y z e d  
f o r  i B r .  S o l u t i o n s  f rom c o n t r o l  f l a s k s  were a n a l y z e d  
f o r  i B r  o n l y .  Amounts of components  i n  t h e  h e a d s p a c e  
and  t h e  s o l u t i o n s  were c a l c u l a t e d  a s  w e l l  a s  t h e  t o t a l  
amoun t s  i n  e a c h  f l a s k .  

A n o t h e r  e x p e r i m e n t  w a s  c o n d u c t e d  t o  d e t e r m i n e  p o s s i b l e  l o s s e s  
o f  MBr f rom f l a s k s  by  d i f f u s i o n .  F o r  t h i s ,  a  series o f  f l a s k s  
c o n t a i n i n g  o n l y  a i r  were c l o s e d  and  a  measu red  amount o f  MBr was 
added  t h r o u y h  t h e  s ep tum of  e a c h  f l a s k .  A t  i n t e r v a l s ,  s a m p l e s  of 
a i r  were removed and a n a l y z e d  f o r  M B r .  

RESULTS : 

A t  a l l  t h r e e  pH c o n d i t i o n s  MBr  was found t o  be  p r e s e n t  i n  
t h e  h e a d s p a c e  of i n d i v i d u a l  f l a s k s .  A p p a r e n t l y  MBr d i f f u s e d  from 
t h e  b u f f e r  i n t o  t h e  h e a d s p a c e ( s ) .  Some f l a s k s  c o n t a i n e d  more 
MBr t h a n  t h o s e  sampled  e a r l i e r ,  i n d i c a t i n g  d i f f u s i o n  from h e a d s p a c e  
t h r o u g h  o r  a r o u n d  t h e  s e p t a .  

Based  upon  a  d e c r e a s e  i n  MBr a t  a l l  pH c o n d i t i o n s  and  a t  
b o t h  t e m p e r a t u r e s  w i t h  c o n c u r r e n t  i n c r e a s e  i n  amounts  o f  i B r  and  
a p p e a r a n c e  of MeOH i t  was e v i d e n t  t h a t  h y d r o l y s i s  o c c u r r e d  i n  a l l  
c a s e s .  L e s s  M B r  r ema ined  i n  f l a s k s  a f t e r  30 d a y s  a t  3S°C t h a n  a t  1 ,  '., > 7- 

25OC. Conf i n n a t i o n  of t h e  loss  of MBr by d i f f u s i o n  was made by 
t h e  a n a l y s i s  o f  s a m p l e s  f rom f l a s k s  c o n t a i n i n g  o n l y  a i r  and M B r .  
When t h e  c o n c e n t r a t i o n  r e a c h e d  a b o u t  6 m y / f l a s k  i t  a p p e a r e d  t h a t  
e q u i l i b r i u m  had  been  e s t a b l i s h e d .  I t  was c l e a r  t h a t  t h r  b e s t  
c r i t e r i o n  f o r  j u d g i n g  h y d r o l y s i s  w a s  i n  t h e  i n c r e a s e  i n  f o r m a t i o n  
o f  i B r  which was a l m o s t  l i n e a r  w i t h  t i m e  f o r  t h e  f i r s t  10  d a y s .  
R a t e s  were c a l c u l a t e d  f rom v a l u e s  o b t a i n e d  o v e r  t h e  f i r s t  4  d a y s ;  
a t  2S0 C  i t  d i d  n o t  a p p e a r  t h a t  h y d r o l y s i s  was pH d e p e n d e n t  and  
a n  a v e r a g e  was 1.4 mg M B r / l i t r e  of w a t e r / d a y .  A t  35OC r a t e s  
a p p e a r e d  to  be 3  t o  5  t i m e s  h i g h e r  and  t h e r e  was a  s u g g e s t i o n  
t h a t  t h e  r a t e  a t  pH 5  m i g h t  be  s l o w e r  t h a n  a t  pH 7 o r  9 .  



- 
D I S C U S S I O N  -i- 

1. Al though  i t  was c l e a r  t h a t  e x t e n s i v e  d e g r a d a t i o n  of  M B r  
o c c u r r e d  by h y d r o l y s i s  unde r  t h e  t h r e e  aqueous  pH c o n d i t i o n s  
of  t h e  e x p e r i m e n t s  t h e  c o m p l e x i t y  o f  t h e  a c t i v i t i e s  and  t h e  
v o l a t i l i t y  o f  o f  &r p r e c l u d e d  p r e c i s e  c a l c u l a t i o n s  of  r a t e s  
o f  h y d r o l y s i s .  The f o l l o w i n g  a c t i v i t i e s  were o c c u r r i n g :  

a .  d i f f u s i o n  o f  MBr f rom t h e  aqueous  s o l u t i o n s  t o  
t h e  h e a d s p a c e ( s ) .  

b .  d i f f u s i o n  of M B r  from t h e  h e a d s p a c e ( s )  o u t  of t h e  
f l a s k s ,  e i t h e r  a r o u n d  t h e  s e a l s  o r  t h r o u g h  t h e  s e p t a .  

c .  h y d r o l y s i s ,  p r o d u c i n g  m e t h a n o l  and  i B r  i n  t h e  s o l u t i o n s .  

2. A l though  d a t a  p roduced  were v a r i a b l e ,  l e n d i n g  c o n f u s i o n  i n  
t h e i r  i n t e r p r e t a t i o n ,  e a c h  d a t a  p o i n t  r e p r e s e n t e d  o n l y  o n e  
f l a s k .  T h i s  t e n d e d  t o  c o r r e c t  f o r  t h e  v a r i a b i l i t y  r e s u l t i n g  
f rom d i f f u s i o n .  


